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1. Introduction
At the RAN1#102-e meeting, some physical layer aspects, including regulatory aspects, channel access mechanism and interference mitigation techniques, were discussed [1] and some conclusions and agreements were made as shown in Appendix. This document provides our views on channel access mechanism applicable to unlicensed spectrum in a frequency range between 52.6 and 71 GHz. 

2. Discussion
2.1 Definition of the Nominal Channel Bandwidth
One of the remaining issues based on the discussion at the last e-meeting is the definition of Nominal Channel Bandwidth (NCB), which is a terminology written in ETSI BRAN regulations but not in 3GPP specifications. ETSI BRAN EN 302 567 defines it as band of frequencies assigned to a single channel. If we interpret as it literally is, the Nominal Channel Bandwidth could be any bandwidth that a device wants to allocate to its transmission. However, in the ETSI BRAN regulations, there is another bandwidth definition, i.e., Occupied Channel Bandwidth (OCB). Its definition is the bandwidth containing 99 % of the power of the signal. The regulation in [4] requires that the OCB shall be between 70 % and 100 % of the NCB.  With the understanding that the OCB requirement in [4] is introduced for the test of out of emission, RAN1 had some discussion and reached a conclusion at the last meeting that its design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth so that such transmission with (almost) full bandwidth within the nominal channel bandwidth can be tested while such transmission may not be always required.

One possible definition of the NCB is the channel bandwidth. In our view, however, it may not be aligned with NCB/OCB related discussion in Rel-16 NR-U. For example for 5/6 GHz bands, a transmission with about 20 MHz may be enough in order to be detected by energy detection mechanism in other device since LBT is performed for every 20 MHz unit even when the channel bandwidth is wider than 20 MHz e.g., 100 MHz. Therefore, another possibility for the NCB definition is the bandwidth unit used for channel access mechanism, i.e., LBT bandwidth. In Rel-16 NR-U, a RB set which is relevant to a LBT bandwidth can be treated as the nominal channel bandwidth in our view. This would be a suitable definition for NCB in our view, although the bandwidth unit for channel access (and channel access mechanism itself) for 60 GHz bands is still unclear at this stage. 

One note is that in our understanding, this is the topic not discussed even in Rel-16 NR-U (and LTE LAA also) despite the NCB/OCB is also defined for 5 GHz unlicensed band. Thus, from our perspective, the necessity of the discussion seems unclear i.e., the definition/mapping of the NCB to bandwidth in NR would not be necessary at this stage in our view. 

Observation 1:
· There has been no clear definition in NR which is well relevant to the Nominal Channel Bandwidth defined in BRAN.
· Although a unit of bandwidth for channel access (or a RB set) may be considered as the NCB, the unit of bandwidth for channel access (and channel access mechanism itself) is not clear at this stage.

2.2 Channel access mechanism
It was agreed at RAN1#102-e that both channel access mechanism with and without LBT are supported in 60 GHz with three FFS points. In this section, we discuss on the three FFSs to study channel access mechanisms to be supported in 60 GHz. 

	Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)



2.2.1	1st FFS on LBT mechanism
As captured in the 1st FFS, since LBT is mandatory at least in a current BRAN regulation, the detail of LBT mechanism needs to be determined. For example, sensing area, timing and duration of sensing, and whether to introduce assistance information from receiver (i.e., whether to support receiver-assisted LBT) should be discussed. 

On sensing area, there are some candidate approaches such as omni-directional LBT and directional LBT. Omni-directional LBT is the simplest approach to sense the channel around the device. By performing omni-directional LBT, channel condition (i.e., presence/absence of transmission from surrounding device) in all directions can be checked. On the other hand, to cope with larger propagation loss on radio waves in higher frequency range such as 60 GHz, beamforming would be necessary to obtain sufficient gain and hence the beamforming would be applied to any transmission in 60 GHz. However, if omni-directional LBT is performed for directional transmission, it can detect the presence of transmission only from quite proximity device while the transmission with beamforming following successful omni-directional LBT may cause serious interference to a receiver of other system located in the direction and/or may fail at a receiver of the transmission due to interference caused by undetected transmission from other system. In addition, since omni-directional LBT would detect presence of transmission from proximity device in other direction than the transmission direction, unnecessary LBT failure would happen although the directional transmission would not cause any severe interference to other directions. In this sense, omni-directional LBT (i.e., sensing without beamforming gain) may not be so useful. 

Directional LBT could resolve above issues of omni-directional LBT. As sensing is performed with directional Rx beamforming, sensitivity for the direction could be improved significantly. Also, since the direction(s) for LBT and for corresponding transmission are aligned, the directional transmission would not be blocked by transmission from other system in other direction. In other words, directional LBT based channel access may improve a spectral efficiency and channel access latency by exploiting a spatial orthogonality. On the contrary, directional LBT could sense only limited direction compared to omni-directional LBT, so it could obtain less information about channel condition i.e., presence/absence of transmission from surrounding device. A receiver of the transmission based on directional LBT may suffer from interference due to transmission from other system which may not be detectable at the transmitter due to different direction from its transmission direction. Also, the directional transmission followed by the successful directional LBT may cause serious interference to a receiver of other system located in the direction, similar to the case with omni-directional LBT. 

Table X. Comparison between omni-directional sensing and directional sensing
	Sensing area
	Pros
	Cons

	Omni-directional sensing
	· More information on channel condition (i.e., presence/absence of transmission from surrounding device in all directions) can be obtained
	· Sensitivity of LBT may be insufficient due to no beamforming gain for Rx
· Proximity device in other direction than the transmission direction may unnecessarily cause LBT failure

	Directional sensing
	· Sensitivity of LBT for the transmission direction could be sufficient with beamforming gain for Rx
· Transmitter(s) of other system in other direction than the transmission direction would not cause LBT failure
	· Less information on channel condition can be obtained (i.e., presence/absence of  transmission from surrounding device only in the transmission direction)



If it is specified that directional LBT is applied to directional transmission in 60 GHz, there is one potential issue regarding beam management, e.g., SSB transmissions. In NR-U, a discovery burst based on single successful (omni-directional) LBT can contain multiple SSBs with different transmission directions since transmission in any direction is possible for gNB based on the (omni-directional) LBT. On the other hand, transmission direction would be limited in a channel occupancy acquired by directional LBT since the directional LBT assesses only a certain direction. That is, each of directional SSB transmissions would require directional LBT relevant to corresponding direction, respectively, which also requires LBT gap in front of each SSB and may degrade resource efficiency and channel accessibility. Alternatively, some special handling of LBT mechanism for SSB transmissions may be necessary e.g., omni-directional, wide-directional or multi-directional LBT for discovery burst transmission containing multiple SSBs with different transmission directions.

Observation 2:
· On directivity of LBT, following aspects need to be taken into account:
· The different sensing area between omni-directional LBT and directional LBT would lead different sensitivity to presence/absence of transmission from surrounding device
· Omni-directional LBT can only detect presence of transmission from surrounding device in proximity but in all directions so that unnecessary LBT failure may happen
· Directional LBT can only detect presence of transmission from surrounding device in the transmission direction
· Appropriate approach could depend on types of the intended transmission in the acquired channel occupancy.

On timing to perform sensing, dynamic channel access (LBE) and semi-static channel access (FBE) in Rel-16 NR-U could be a starting point for the discussion. In LBE, sensing (CCA) is basically performed right before each transmission i.e., event-driven sensing is performed. For example, type 1 and 2 LBT are supported in Rel-16 NR-U for LBE. The random back-off in type 1 LBT would be useful to reduce collision probability in congested situation. On the other hand, in FBE, sensing with fixed duration is performed periodically. There would be at least three aspects to study the timing of sensing from our perspective, 1) robustness against congestion with coexisting systems, 2) resource utilization efficiency, and 3) latency. 

For 1) robustness against congestion with coexisting systems, for example, if there are large amount of traffic with multiple coexisting systems, type 1 LBT in LBE may be able to reduce collision probability and provide a certain level of fairness among coexisting systems. On the other hand, type 2 LBT in LBE may cause high collision probability due to simultaneous sensing right after the previous transmission from some device with common sensing duration among devices. FBE may have another issue in such congested situation with coexisting systems, i.e., one system may continuously occupy the channel due to less flexibility on sensing timing. However, considering the higher frequency having large propagation loss and high throughput, such highly congested situation may be a corner case.

For 2) resource utilization efficiency, basically a resource used for LBT can be considered as overhead. In other words, more sensing opportunities leads to less available resources for transmission. Especially in case of less congestion situation, applying LBT itself may degrade system performance. In that sense, sensing with periodic manner (FBE) could basically provide better resource utilization efficiency than event-driven sensing (LBE).

For 3) latency, since channel identified as busy based on a sensing result is not available, channel access failure due to sensing could lead to more latency. In FBE, once a device identifies a channel as clear based on a sensing at a period, it could utilize any resources in the period without any sensing. In this sense, a device in FBE could perform its transmission with less latency than LBE at least in case of less congestion situation. In addition, since frequent DL/UL switching would lead frequent LBT opportunities (i.e., larger overhead) in LBE, LBE would require making DL(UL) burst duration as long as possible. Then, feedback timing and/or scheduling timing would be constrained in LBE compared with FBE. 

Table X. Comparison between FBE and LBE with and without random back-off
	Timing to sense
	Robustness against congestion with coexistence
	Resource utilization efficiency
	Latency

	Event driven w. random back-off
 (Type 1 LBE in NR-U)
	High
	Low
	Large 

	Event driven w/o random back-off 
(Type 2 LBE in NR-U)
	Low (due to higher collision probability)
	Medium
	Medium

	Periodic
(FBE in NR-U)
	Low (due to potential unfairness among coexisting systems)
	High 
	Small (in less congestion situation)



Observation 3:
· On sensing timing of LBT (event-driven manner such as LBE, or periodic manner such as FBE), following aspects need to be taken into account:
· Robustness against congestion with coexisting systems
· Event-driven sensing with random back-off has higher robustness, but highly congested situation in higher frequency may be a corner case
· Periodic sensing may cause potential unfairness issue in highly congested situation
· Resource utilization efficiency
· Event-driven sensing would provide lower efficiency especially in case of less congested situation
· Periodic sensing would provide higher efficiency especially in case of less congested situation
· Latency 
· Event-driven sensing may lead larger latency at least in less congested situation
· Periodic sensing may lead smaller latency at least in less congested situation

On receiver-assisted LBT, Rx device performs channel sensing, and reports the information about channel condition to the transmitter. This approach is beneficial to avoid interference at Rx device due to “hidden node problem”, which cannot be well expected by Tx device only. Due to larger propagation loss in 60 GHz and possible directional transmissions, channel condition at Rx device would be more invisible from Tx device than that in 5 GHz band. In this sense, a hand-shaking mechanism for channel access such as receiver assisted LBT could be more motivated in 60 GHz band. However, as reporting step needs to be added to introduce receiver-assisted mechanism, the channel access mechanism may become complicated. Also, larger propagation loss and possible directional transmissions, assumed in higher frequencies as described earlier, can also mean that hidden node problem would rarely happen. In other words, it may not be so necessary for Tx device to take channel condition at Rx device into account. 

Observation 4:
· On receiver-assisted LBT, 
· It is beneficial to detect channel condition at Rx device which would be more invisible from Tx device in higher frequency
· It needs more procedure burden while how it is actually beneficial in higher frequency is questionable


2.2.2	2nd FFS on operation restrictions for channel access without LBT
The 2nd FFS in the agreement made at the last e-meeting is to discuss whether/what operation restrictions for channel access without LBT are needed. Since there are some regional regulations where LBT is not mandatory, a device can be allowed to access channel(s) for its transmission without LBT at least in terms of the regulation. In our view, even if LBT is not mandatory, some operation restriction(s) may be beneficial in some scenario since the operation with neither LBT nor other restriction(s) may cause severe coexistence issue in some specific case such as highly congested situation. On the other hand, it may be sufficient just to follow the regional regulation so that the operation flexibility is maximized for 60 GHz where how much LBT is useful is unclear at this moment.

Observation 5:
· Even if LBT is NOT mandatory to access channel, some operation restriction for channel access without LBT may be beneficial in some scenario
· However, unless LBT mechanism for 60 GHz is clarified, how much LBT is helpful in such scenario is unclear

2.2.3	3rd FFS on the mechanism and condition to switch between channel access with and without LBT
For the 3rd FFS, mechanism and condition(s) to switch between channel access with LBT and without LBT needs to be discussed. As described in the agreement, when local regulation allows channel access mechanism without LBT, it can be discussed whether and how to switch between channel access with and without LBT. Regarding switching mechanism, there would be two possibilities of high level concept; one is to determine the channel access mechanism of a device by itself, and another is to follow configurations/indications from the other device on mechanism to be used (i.e., to determine which mechanism to be used based on indication/reporting from others). Even for former one, indication of determined channel access mechanism to communication partner(s) may be necessary.

Regarding condition(s) to switch, as we discussed in 2.2.2, operation without LBT may cause severe coexistence issue in some specific case such as highly congested situation. Hence, we think it would be beneficial to take actual channel condition into account for the switching condition. On the other hand, although actual channel condition varies dynamically, changing the channel access mechanism based on the dynamic channel condition would be difficult and even inefficient. Therefore, one possible approach is to observe semi-static channel condition e.g., based on sensing with relatively long periodicity in order to identify long-term congestion situation. RSSI/channel occupancy measurement may be helpful for such purpose.

Observation 6:
· On mechanism to switch channel access mechanism, the following two options could be studied
· Option 1. To determine channel access mechanism by itself
· Indication of determined channel access mechanism to its communication partner(s) may be necessary
· Option 2. To follow indication/reporting from other devices

Proposal 1:
· On condition to switch channel access mechanism, even if LBT is not mandatory, at least long-term channel condition such as congestion situation should be considered. 
· To observe the long-term channel condition, sensing the channel with longer periodicity such as RSSI/channel occupancy measurement could be possibility


2.3 Coexistence with IEEE 802.11ad/ay
IEEE 802.11ad/ay devices also utilize the unlicensed bands in 57-71 GHz. Therefore, for NR to utilize this unlicensed spectrum, study on how to coexist with 802.11ad/ay devices may be necessary. Below is the overview on channels for IEEE 802.11ad/ay.

Table 1. Channels for 802.11ad/ay
	Channel 
	Center [GHz]
	Min. [GHz]
	Max [GHz]
	BW [GHz]

	1
	58.32
	57.24
	59.40
	2.16

	2
	60.48
	59.40
	61.56
	

	3
	62.64
	61.56
	63.72
	

	4
	64.80
	63.72
	65.88
	

	5
	66.96
	65.88
	68.04
	

	6
	69.12
	68.04
	70.20
	



As shown in table 1 above, channel bandwidth in IEEE 802.11ad/ay is 2.16 GHz, which is different from Rel-15 NR FR2 (at most 400 MHz). For well-aligned coexistence with 11ad/ay, NR channel bandwidth and assignment in 60 GHz unlicensed band may need to be aligned with those for 11ad/ay. For example, integer multiple of NR channels is aligned with each of above channel for 11ad/ay so that the NR channel does not overlap with the channel boundary of 11ad/ay. In addition, LBT bandwidth may also need to be considered with CBW of 11ad/ay. If LBT BW in NR is smaller than 2.16 GHz, threshold for energy detection of 11ad/ay may need to be quite low and it may be difficult to detect 11ad/ay.

Observation 7:
· Channel bandwidth and assignment for IEEE 802.11ad/ay may need to be considered for channel bandwidth and assignment for NR in 57 – 71 GHz

2.4 Required changes in physical layer considering the operation in unlicensed band
In [6], we observe several issues in physical layer to support NR operation in 52.6 – 71 GHz. Some of them are related to the operation in unlicensed band. 

For example, regarding initial access procedure, the number of candidate positions of SSB and non-consecutive RO may be discussed considering LBT. However, as discussed above, how many scenarios where LBT is beneficial and how frequent the LBT failure happens in 60 GHz would be different from those in 5/6 GHz bands. In case that LBT is required in many scenarios and LBT failure could happen frequently in major scenarios for 60 GHz, we may need to discuss these issues. Of course, it depends on LBT mechanism.

There is another issue also related to the operation in unlicensed spectrum, i.e., interlaced UL transmission, which is specified already in lower frequency range to meet PSD limitation and OCB requirement. In 52.6 – 71 GHz unlicensed band, as well as 5 GHz, PSD limitation and OCB requirement are specified at least in a BRAN requirement for the subband c1. However, at the last e-meeting, it was concluded that “RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth”, which can be interpreted as only one physical layer signal/channel transmission satisfying the requirement would be sufficient (i.e., not all transmission needs to follow the restriction). Hence, in our view, interlaced RB allocation would not be necessary in 60 GHz. 

Proposal 2:
· Regarding potential required changes considering NR operation in unlicensed band, 
· LBT related issues, e.g. SSB candidate position and non-consecutive RO, may need to be discussed after the discussion on LBT mechanisms.
· Given the PSD and OCB related requirements and concluded interpretation, interlaced UL transmission in Rel.16 NR-U would not be needed. 

3. Conclusion
Observation 1:
· There has been no clear definition in NR which is well relevant to the Nominal Channel Bandwidth defined in BRAN.
· Although a unit of bandwidth for channel access (or a RB set) may be considered as the NCB, the unit of bandwidth for channel access (and channel access mechanism itself) is not clear at this stage.

Observation 2:
· On directivity of LBT, following aspects need to be taken into account:
· The different sensing area between omni-directional LBT and directional LBT would lead different sensitivity to presence/absence of transmission from surrounding device
· Omni-directional LBT can only detect presence of transmission from surrounding device in proximity but in all directions so that unnecessary LBT failure may happen
· Directional LBT can only detect presence of transmission from surrounding device in the transmission direction
· Appropriate approach could depend on types of the intended transmission in the acquired channel occupancy.

Observation 3:
· On sensing timing of LBT (event-driven manner such as LBE, or periodic manner such as FBE), following aspects need to be taken into account:
· Robustness against congestion with coexisting systems
· Event-driven sensing with random back-off has higher robustness, but highly congested situation in higher frequency may be a corner case
· Periodic sensing may cause potential unfairness issue in highly congested situation
· Resource utilization efficiency
· Event-driven sensing would provide lower efficiency especially in case of less congested situation
· Periodic sensing would provide higher efficiency especially in case of less congested situation
· Latency 
· Event-driven sensing may lead larger latency at least in less congested situation
· Periodic sensing may lead smaller latency at least in less congested situation

Observation 4:
· On receiver-assisted LBT, 
· It is beneficial to detect channel condition at Rx device which would be more invisible from Tx device in higher frequency
· It needs more procedure burden while how it is actually beneficial in higher frequency is questionable

Observation 5:
· Even if LBT is NOT mandatory to access channel, some operation restriction for channel access without LBT may be beneficial in some scenario
· However, unless LBT mechanism for 60 GHz is clarified, how much LBT is helpful in such scenario is unclear

Observation 6:
· On mechanism to switch channel access mechanism, the following two options could be studied
· Option 1. To determine channel access mechanism by itself
· Indication of determined channel access mechanism to its communication partner(s) may be necessary
· Option 2. To follow indication/reporting from other devices

Proposal 1:
· On condition to switch channel access mechanism, even if LBT is not mandatory, at least long-term channel condition such as congestion situation should be considered. 
· To observe the long-term channel condition, sensing the channel with longer periodicity such as RSSI/channel occupancy measurement could be possibility

Observation 7:
· Channel bandwidth and assignment for IEEE 802.11ad/ay may need to be considered for channel bandwidth and assignment for NR in 57 – 71 GHz

Proposal 2:
· Regarding potential required changes considering NR operation in unlicensed band, 
· LBT related issues, e.g. SSB candidate position and non-consecutive RO, may need to be discussed after the discussion on LBT mechanisms.
· Given the PSD and OCB related requirements and concluded interpretation, interlaced UL transmission in Rel.16 NR-U would not be needed. 
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Appendix: Past agreements/conclusions
RAN1#102-e
	[bookmark: _Hlk49521453]Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.

Conclusion:
The RAN1 understanding of the CCA check procedure in draft v2.1.20 of EN 302 567 is as follows:
· When performing CCA before initiating transmission, during count down, when an observation slot fails ED, the counter freezes, and will continue count down 8us after the interference is detected to be gone

Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)

Agreement:
Use the LBT procedures in draft v2.1.20 of EN 302 567 as the baseline system evaluation with LBT
· Enhancements to ED threshold, contention window sizes etc. can be considered as part of the evaluations.
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